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UTt- h^J^f-U vrU (TEG) ^i^ffl ^^S.O^ifeT-fef-.'l^T-fe 

h^ 3 0 0 "CX^MTb-r^ ^J&^ntz^^X. i c tm^^W1-^F e 
P t i- J i&^ib'i^i^ ^nfz t^M.^ tlX ^ o 

Li^n:Scmil ^Wm^ 2 5 8 2 9 5-t>Z^fg ( #gg 2000-5401 2-^ /^IjIS) 
C^#fP:^Cmi3 SCIENCE VOL.287, 17 MARCH, 2000, p. 1989-1992 

Japanese Journal of Applied Physics, Vol.42, No.4A, 1 
April, 2003^ P.L.35n-.352 

oi^-e^Kt^i bTfiJffl-^S <t {i-e^^i^o ^(Dfzib^ f c t ^ga^^jtilg^^^ 

(T t) iiiJitrtnm^tasLT. m^n^^^-t ^ f c t (®>i1njE:S"h^h) ^ittc^ 

#^aS{i 4 5 0 f c t ^3t{;i^^t- st-ti 4 5 o°c.B(-h®?a 

L*^L. C©F e P t i&d^CDS-^'f* ^^©^^ 4 5 0 °CBlJi©^^{C 

T :^ ^ ^ ^ b T > ^ffi ± 0 M i ^i: ^ o 
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ttz I BM^-Vit. m^itF e = 5 0 P t = 5 0 at.%OF e P t n. 

F e p t ^^x\t. ^km-^m^o i c t snij^i^iip t 35-55 at.% 

USHo P t S"r*>o T t>> O'^^iz-Dii^xM.fzM^K^ cofgH^^I-tL^IS 

{i f c t ^iSUItattcnj: <S.^j:i^o 'fSf-^&^OP t 3 5 — 5 5 at.%-(? 

^ 1 :5-i6]{cssip]$-ii:^ c iti^-^tcffiimtr^^o T^c-if^s^. **MJL-c f c t «it 
nct,'U. f c t m^ttcnc-S^^tiF e P ti|a-T-©4^^- U -^&jKcJ: 

$il]7&>*|fi]l<^T0^^fiT-=bl/^^®-e. 'f^SJ::'7i9-^ (SFD^it) feM'^bt-^t'^S8T' 
*►S <!:-g-;l-5o m^:^i!}^y7b<^ S F D'liS*^M>fb-r'5 c <t>6^*lii®^roS^iB»ic^^ij 
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p t i- y ^j-B^it. TEG^ffli/^TS 0 0 tJ-tf-^sK-r^:^?*© fcoT't>. 

*D § ^mti He it 3 7 0Jc;l/X7^y K (Oe) lCd©^/<j:i»o COFePt:?- 
y 1^ b < TE G (7^ h U>r 'J r"-;!-) ^ffi 2 6 0 

L-:^ 4i® {-Jrb-? 5 i: -, f c t ^?t*:W-^ ^ ^ <t A^StM ^ tlT 0 » S -^-nT' 

^ia-ccD4^?^:trH c*< 3 7 0 oe @^-eJi> ^^®a».iB^ffli::3Sffi-r ^ 
f9 . o 0 1- ^ C ^ o 
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mmunizm Lfzm^^^(D{i^^tii^ t c t mito f e p t ^± y n^isy^i^ti:^m. 



t tP d(D im^fzU2mt Lfzt^. ^ C T X M i-x } tC *5 y -5 X 0 . 

(T + M) izM'r^m'j''s^it-cB o at.%je^T (0 at.%;£-^tr) . 

A. W'1>IE^h^hO*iJ'^*^' 1 0 ~ 1 0 0 %T'* !9 > 

B. T EMtS^fC J; «9?|IJ^$n'5¥:^^^ (Dtem ) 5 ~ 3 0 nm©$gffl{C^ 

C. lLn.m^t>^hm^ir^t\.-^:^'i^^^n^t^ (Dx) *M n mJ!^_hT-^ 

E. TSBd) 5^^?^fc-r*fi:T-3&^ 1 0 0 9. 5 <SJB(±tr* *3 J.oTtB(2) 5^ 

0.90Xa,^ Xl. X2. • • • XlOO ^l.lOXa, • • • (1) 

Xi. X2. • • • Xioo CD^^PiiMa ^20% ... (2) 

/c/cb> X.,{±BljfB©^^5?; CTx Mi-x D ©X©^lCol,%T> JKL^^m-^^*.*: 

LT§i?ijj^n/cjt (mT-*^^*®¥^iiaj35^{-*jtt^ xoM) ^^u. X1.X2. • 

• • Xioo ^i^^-^^Jfc® TEM— E DXiaiJ^tw*;(,^T^ lftlJ^^IK^I^iwi^^^3{»< 
1 0 0 0 ^®J^^±A■:>Tt,^S4^^^,-etttt^w^^/c 1 O O'OOi&^Xnfr-Ot^T. ^ 

ti t. © m ^la { - ^ ^ n m ^ it; © X © -fi ^ a -r o 
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(Dm^i^itXm^^Bm.m (D x) *^*6 nrnKl^-C^mtm c l O O O Oe 
m^Mis-i^^^-r^li^^tLX. Au> Ru> Rh. O si&XX/l rCD^*^^. 

Mitn^'j^ixi im-v^^i)-^. tfcitf c tm^n-m^M^^m ct t) 

T^^^COlzmt^-r^ZJ^^tLXAg. Cu. Sb. B i ioctO'P b oii^^e. 

^ 5 o 

(Dx) S'^^^o 

la 7 {iF e p t i^^j^T^o-f^ias;*! (H c) K:^is-rm^mmmmM(D^m'^^-t 
El 8 {iF e p t u^&^ommmits. ias)K:^\^-tm^umm^M(Dmm^^ 
n 9 «F e p t '^^m-^(D s F DizR\^-tmrm^m¥^M<omm=^^-rmx'^^o 
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in 1 1 it:^mmKv^o F e p t y nj-oM^itG^m^m-fm^m'^m cte 

M) (3 0 75i^) -x:h^o 

m 1 2 [titwtmiz'^o F e p t i- y n^<Dm^w<om^7f^-tm.^m''§k^ ct e 



^ o 

<*: F e *5<i:U^/^:fe(*C o P t *> ck CK/^ {* P d ^^t^mn.^^ib^ ihts: 

S o 

T^FeiCoOl m^tclt 2 P t <!: P d O 1 2 

<i:A^^>/c^§o T tMKl^(D^m7cm\t (T+M) iZM^t ^ m^^^itX' 3 0 at. 
%UT (0 at.%;^-^tr) -e^-So 

5^ CTx Mi-x 3 ©XOjitf^ioO^TJi. M'C^iE:S-Bl^?^fi5S-r -S^^t LTliX 
= 0. 5 ibmUt^-Ciio^o b55^L. X: 0. 3—0- 7 ©^ffl-C l>®^I>iE:6'^H^ 

10-10 0 %£D|gHT?w^s^P*aife*#s d ty&^-e^So T<tMjetn®^« 

ib< (T+M) iCM-r ^m^'S^mX' 2 0 at.o^ (0 at.%^-^tr) jBtT©:^"^^ 
^ C .tT&^'tr^^o ^^-^f- J:oT(* 2 0 at.%Ji^T. $e>{C(ilO at.%JB(T 
■e*> o T J: < , 0 at.%(Di^^^^^o 

^^O^iC i c c:^3t7&^e> f c t^it-^CD^t^miti^^^aSt (T t ) ^^.T^^ 
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mX'h^Oi}^Xi.^o Z/ (T+M) OJgd^"S^J:h*>' 3 0 at.%J[^_LT*»5 <J:> Z 
b < ncd^o ^«i:*5> z^^3-{ij£:>^-c{i:^i: < . Z45c^li^Sn-Ct> f 

0*^J:t^o N/ (T+M) 0JE^"&^Jt*<2 0 at. %£(_b-z?fe <i:. Nfi£:9-*^^ 

(D^tlif^t—miir^h C tKiSi?>ib^h>. T. ZJ!i(^^ONJiS^:53'{i'^^*a^f-t±'^ 

o-^^fiti 5 m*%j^T. 5f * b < t± 2 ffia%J!iiT. $ b < li 1 s»% 

lJiB^^^'E{--r ^/-a6(wT = F e . M= P t Xh^^'kO^ F e P t ^t^^m 
«»: bTlifiHJ-r b>&^b. F e iCft;iTC o ^(/^liC o iCf^x.TP d^ffil<> 

F e P t*ft^O 1 1@ 1 liomJSJS^^ffdTEM- E DX ( T E M - E D S <!: % 
-:/m^Jit<£:ffii'^^-^*>'^^-:^t6[i!!XJt^^j* (EDX) liiiliJ^fgH^ 1 ~ 2 
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•9TEM-EDxoiiij^^ffitUT. M ^ It B ^nm:Mi^m.^ m'^m c 

Transmisson Electron Microscope : H F — 2 0 0 0 : Mi^^K 2 0 0 k V) 
TEM— EDX (NO RAN Instruments^^ VANTAGE) ^<^^o ^^is^ 
cn^-CTEM-EDSc!: bTiSffi $ tlT 0 » ^ ffiff t):$:BJ^«-e(± T E M - E D 

*>®^ I c p riu^jc-f^-r ^ c i(ict o xm-ihn^o t e m- e d x©?|lJ^{c4o^,^ 

0.90Xa,^Xl. X2. • • • XiOO ^l.lOXar •••(!) 

Xi, X2. • • • Xioo om^^Ma ^20% ... (2) 

i^m-^it(D^-mmj^K^ij^ :Bxcr>m) x^^. xi.xz. • • - xioo ^mn 

l2p:cDT E M— E D Xr5llSiC*>t/^T. rlU^^IK^I^ fC^ti^^*^ 1 0 0 0 #HJLA-^T^.^ 

6^^-eelctrii^/f 1 0 om(D^^K-D\,^xm%-^tifzm^ (Dxom^m-to 
(1) 3t;^^^_hrijB-r§ c <t«> 1 0 0 m(Dm^ (Dn'pox^^i)<^ m^i^ cm 

m (DXj7^^(D^mmiZlCil^X± 1 0 %0$gi3l^{Cl|X^ oX(/^§ C cb^iEO^LT 

ommzisii-^xnmx^ ccDct^ r(i) jc^^/^-re^^*^! o om(Dot> 

9 5 isj^iJiT*.^ J (t^^bTt^-So (2) ^^^mtct t\t. mi 0 O-fSO^S^Sr 
cD44^CDX^:^'lit0/<5 y =^(Dm^^^-tmmMm. a 2 0 %©ISffliCi|Xt -pT 

x^ n^m^ (Di&.jtx.7b<Mtii^x{.^:s m~(D^^xM\ifiB!m^MM\^x 
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1 0 

M^.(D^^\i. ^WO^nm^-Vi-a? ti)<2 5 ~ 5 5 at% ©$gffl (H 1 OF e P 

1 0 Gbit/in^ "Cli 0. 063A/m*> 50 Gbit/in^ -CJi 0 . 0 13 
. 10 0 Gbit/in'= "TJi 0. 0063;um'tt^i:«9-. «'l4McD^:i^^B^H& 
1 5nm<h-r5i:. 1 t:' h fC-t"^ n^*tH^H*tO^Ji^4x^'n. 2 7 8 ^i. 
5 6 -fS. 2 8ia@^{rfj:§ ( riB^ • ^ ^ U K^^y ^ J . i^^K^M • Oi 

• :HJ^^IS#M) » c © J; o {ci^^IB^*^l«^^j^^k$ tiTv^ < . 
1 o 1 o©#tt0:^— SA^S^J-^ci 'Baj;t{i'l 0 0 Gbit/in^ 2 

{i 3 . 6 < /jloT ^ o 2 8 40 4" 3 ^SOmttJBt^*^^?!^'^-^** -5 

<htt5;'!j;{>^'l 0. 7%fe4£TbTL*9o :l(D X o iSilHtKOmWiit. y"- ^ (^^"^ 
-v-h©±#. »^iA<?»-:^.S:^7'-^ ©j^i^''d:<if*-^®^> iSSB^^Jg^^MIBiS 

F e P t ®^^0:^'a-> F e t P t (Di^-V^^^t FedM5~65at%(P 
t t^li 3 5 ~ 5 5 a t %) Ji^^'l-Tti. Mtt^^^^-T^fct t»^j:c^o - 

F«3"r*>-pTt)> ^i^JCli'fS'Sr ©iSfc^©fct ^^jtOilJ'^^^M'^cC'S d <!: %fe§o -li 

©md^©fct «ittlJ-^y&^'Mn£ oTl^§ -f®^ ©tli:^©r^m#^JC/<5 'y^^^ 
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1 1 

ifiL^(Dm^=^^—K't ^ c tit. mimmmWi%id.mm icitii!.mco>m^T ^ ^ t 

(2) 3?;^?^/::-rF e p t ± y ^.^n^ib^um^ti^o 

2is:^BJ©Sg14^^(i, ffi^l>jE^B^H (f c t^at: L i o fiU ^fS ) OtiJ'^>6< 1 0% 

U*^b. :$:^B^5&^^5;st^c!:-rS F e P t^^titX'it. i c c fllit (®>i:^S::;6-b1) 
.i: f c t^it (M'C-IE^h^b) ©X^HItff/-?^- :^3&^?&ifl^ l:^-C* »3s *f<:f c t 
1tjtc?>^>i»^^.#e.tiS (0 0 1) <t (110) 

^i^-cnm^ti^ F e P t '^^{co^,^T01i^^ttmitcDilJ^^^i?^fl^■r S c iJCct 

oT. -€:© f c t ^jtOSlJ-g-^^m-r S C tz&^-CS §o ^It|BJIC*51i^T«> Fe 
P t n^co f c t «3tcDiiJ'g-{Cot,AT{i> F e /M^^O^ X/< "i? T -^3-3fciliiJ^JC J; 

S^tlStta^oSU-^oM^irJc J; oX. -rns:^-^. F e ^ x/^-^ T -:^3ferlJJ 
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1 2 

W'\>ie:^^ ( f c t ) ©SU-^iifrHiiJ-^-e i o - i o o %, lif ^ b < « 2 o ~ i 

0 0%. ^ i^KUt L < {± 4 0 - 1 0 0 %. ll-g-tC J: oT»i 50 — 100%, M 
iCit 6 0 - 1 0 0 %-C*»-50-C. ^ U-C. ^^^{r*5l*T f c t (Dm^O^<^y 

i^m CDtem ) *<3 0 nmJS^T. B1^h<\t2 0 n mii(Tt?*» 5 o 1 2>^«L^(*^ 

t It^^^tiOF e P t ^'^^f4^;^)-^^'^5K^nSo1^5|5^ bTlUiR^ 

-c*'S*>\ mi 0 0 m^gStcnt^J^-^^^^o b>i)^b. c © J; 9 '^j: 2 

F e P t ^KC^^5|&5^^r^^iaii(Cffi^,^^:^^. ^Ofi^©*fi:^/&^'fB^^^<i:^^ 
micm^ F e P t n.^^^itT EUmmK^^ l JSJcm^C^^^^:^-!! (Dtem 

*<3 0 nmRT-r. b< « 5 n mBi-fe*. . c (D .^,x ^mm.mmmKm'r 
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1 3 

iXl^m^mi&m: (D x) D 

_h. ^ t>{C0^ U < {± 6 . 0 nmJE^i-e^-So F e P t iSc^^©*S a^ammii X 
tff*Sm5{>^e> Scherrer O^J; »9^J(6§ C <J:*^T#5o CO^J6. F e P t i&^(D 

Scherrer 2>JO— ilKsttr^ll n o 

D = K- A/yS COS^ 

S^-f . K : Scherrer^iJc, D : ^a^afi^S. A : iiJJ^Xltzfe*. /9 : XlilU^-C 
D =0.94 X 1.5405/ y9 COS0 

CO^TrD^^J6'5 F e P t I^O-^^® f-:^ {Col,^-C{±> 4 1° 
tlS(lll) ©*>0^$^ffi-r^^o 

^^^s^iL^m<^:k^ $ J; oT^fe^ ;5o F e p 1 5^-?(c4oij-;5 f c t m^mcom^it 

:^mm^it^¥tmcOF e P t |i-?OX^ft*gH^H*i^ (Dx) i)mm'^M'iX- ^ ^ C 

t^M,ii^mi^. $ e.}cxm*tB^B*4=^ (Dx) tm%^nt(Dm^=^mih^fzi^^-^ 

t ^. tl S C t o /Co 

mmitmnrnKm-tij^. ii3trmt>n^j:9jw. f e p tm^ox^tM^mm 

(Dx)56M. 0 nmck^9:^^ < ''j:^ ct. ^n(C-onT'(*lt::^*-«lS< ''cC«9> ^tc 
m 4 {C:^$n^ J: O (C, X,^$tH^H*it# (D x) *M . 0 nmX l0i<^ <t£^t. 
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1 4 

mMKmii^XF e P t f&^m^coX^t^Lm^slfiLm CD x) ^ 4 . on m&.±tm^ 

f So 



^S-c-O'f^ll^H ci)<l 0 0 Oe Jli(±. U < 1 0 0 0 Oe }^±^ $ 

{i 1 0 0 0 Oe JsiJLt?^5 0)6-^iifiSt?fe'5o 

m^\iM^tm.a sfCol^Tli. 2 Oemu/g J!^±, lif * b < « 3 0 erau/g JBi_L, $ 
t>{::^8^^ b < (i 4 Oemu/g ^Ji^&WTSo T^^ia^ffl ©IJI^Jl^-etilSfnm'fkfi: a 
s*^3 Oemu/g ^^^.^y^''lt#R3&^'l|■r ^Tl^a^^ y V'X' ^m^M ^ i)^ 

T'#Vi^,^J^'^3&<^>So F e P t X^^t^a&m (Dx) *^ 

3 n mJ!*l±JC/cC6 ^^^ni^Ybias 3 Oemu/g &L±Kt^:^o 

/j:o/ct)llll'>-^l'®litJE36^VjN$ < n£<5o 2^liB^or^ttt&{± 2 oemu/g Js^_tffl a s 

U-\'--e{±(7 s*<2 Oemu/g 7^^i|■t?{i^'(*^*^ e> tB A^'SSIU- ^j: § o 

0^U<«1- O^T"t?feSo ^ ic s Q*<:;«c# < S F D*</JN $<i^c <i:;*m 
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1 5 

(a), (b), (c)fc^j>* {(i)'^m^^tHt^^Lxnm-r^CtiZJ:'yX^ 

w .Mit^mizm^ •^■vo^^ig]^ m^K\t 50 — 150 izm^^-vcD^-i^m- 

Ui&^O. 2Xi/'^&.±2 OVy^JHTcDmmiZpm-t^ (ItJfe^^J 1-3)0 
CtiC©^^ (a)-(d) ^&iTKmm-r^i}<. ^(DnHmtti}^^.^) :t-JUmK 

^)^-)VXTJ^^tMJi^^(0^m,\^M7t't^^tKX^X. CTx Mi-x ) CD^ 
^^d^^&^'SCi^Si'i'r^ (Xt±G. 3 — 0. 7 CDfgffl) o 

(i-r- h^ji^i^ U b(*^o b5&^bs c:ntc|iSb.-r. ^,iC;6^*l 5 0 

''c}^±(D^mTJi'^-j\^^fz{t^(Dmmi^x^ni:£. :^mmxmmx^ ^tz 
1 5 Q°c}^±(D^mrjv=i~ji^^fzit'^(DmmPf'itim(D^xu< 2m&L±^m 
^[^xmrn-t^ct^x^^o 
^mr jv=i'-jv^izm^^'^^^m<Dmmit^mmi^xi^:s :i tui^m^ b < . 

$ t. L < liT-fe^^VT-fe h ha§^:6^*J:^/^o F e P t fiT-^i^-^fi. F 

e *5 J:a'P t ife(III) THr^;VT-fe h:^- h^Jcti:;^^^ (II) T-fe^;l/T4r 

h h *5 J:a'e^ (II) T-fef-;I/T-t? h ^- h ^^ffir;!/^ ^^{crtiW- 
U/C^i. ^0^?^^1 5 OV&.±(Df^m. 0^b<li 2 7 0 °Ci£i±(D^^{C^ 
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1 6 

1-v ^ n n I)/ h -r* *. X, /7) Vi^ ± J. ^ - 
5fetC«E-«/cf ccm^td^bf c t :^3t^©*SB^B^^3t^^ia^ (Tt) ^<g;T$ 

^®#m^^5-*^ CTx Mi-x D '^^0*4#JC'li+if (T t ) ^-(ST^ -tir^f^ffi 
^m-t^o C©fei6> ®^l:^JE^^CDSlJ'^*M£^r^F e P t ia^f»5^^ jf- U ^ - 

ia{±W3ST'*So L*^b. f c t^tit^=fe-^F e P t i^-? i^7^;&^ ^> U ;t 

Mx. -5 BE;^; {w-f^^^ bT^#M±M^I^^^ T :3 - v'l/fc i ^ « - n b CDS^ 
'f^-e^Tcf-'S t> — jUal^mii:*?. m^\t^ O O Oe iit±OF e P xn^^W:^ 

i^^mtl-Cib^o 0t b < {i;>cmEJ: ^ 1 0 P aSJL±. ^ ihiZBI^ b < (± 1 0 0 
P a&i±(DBt}-V$>^o :^MJ±J: bT t> ^®^EE*^- 5 P ap^r^Tti 5 0 0 

Oe &.±(D^mij=^mi-^F e P t n^m^^^^l'Xn^^ C ti)<mMXt£ ^ o 



WO2005/0096S3 PCT/JP2004/011320 

1 7 

fib:^-. ^WiKK UT. m^i-i±nB^ «9 1 0 0 0 0 P a Je^±^t'^BE;'3C-r ^ 

tHfiliht£<-fS:fO. m^ti^-ClttSii.^o Vtcib^-yX. :^m.S.t(DmE.t<l 0 0 0 0 
Pa£(l*I. 0*b<Ji 5 0 0 OP aJ!5il^£Dff:bfCl|XJ65CD*<ct(/^o 
i&iS^Ji 2 7 0 °C&.±t'r ^Oi)<B^ L<. cntCj;*^. f c t Itit^ 1 0 vol. 
%&.±-^-t^ F e P t m^*»**^^UT^it-r§C <i:*<-C$^o S£5 

(* 3 5 0 V&iT t-t ^<Dib^J:i,^o 
'^^SiST^t.^T^ F e P t fi^O^^^-'^iSllH k It^ KJn>^r5{Cct oTfe^ 

ChuIB^I^ (b) : #^M^tCo(,^T] 

x'(D^i§,mm=^m^'?ir:ht. >^^^n/c:^^*i^©x^^,^a^B*im (dx) ^>'^<b 

B^H^^ (Dx) Ki^^ <ik^-t^ct7ly<mibij^ttji^fco Mi^&}i^it. xmi^^n 

(D x) yb^ 4 n m&.±(D F e P t ^ 7 ItjEB® J: 

jot^T. 0 . 2 — 20 °C/i9-CD$5ffl. 0^ U < 1 ~ 2 

i^^m.mm cc/:^) T'*^o ^i^tcti. *,^^aM<Jr-r^Si;£:?a;Ktwiffi-:5(,^y=i^ 
«9 1 s^iS;g^T'^^a-r^c?)j&^*0^ b<,^o 
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1 8 

CbuIB^^ (c) : *Sb^9^^II3^J(Coi>-CD 

j^-^trti. ^cDJ^{i— ifebn£(/^ J; -9 fw-r^o -rnct^-^. ^§7t{C'«-rs'^^03|sf© 

tc^MoJIg^iit) ^*§H%MM^^iJ<t bTffio^^So — Sfeb/j:t.-^:*-^{;{i. ^©N^ 
■^t\^X\i^m^\tK\i^ Ag> Ru. Rh> Pd. Os. I r#*-«^ifC>n. ^ 

m.^'S'^^ii^^ ■ 0 1 — 2 0 at.%CD|EH-?:-{£ffi-r§®7&^J;l'^o N*^'T^fc{*M 
ife^^^^-^fCii. TtM*^*^ CTx Mi-x J *5 Ij- -5 X 0. 3J!i^Ji-eO. 

"tiCDT +M{C*tbT 0. 0 1 at.%JB(Ji, 2 0 at.%je(T"C*S£D*^J:ti">o *§h^h 

5^^^SiJ®'C^fflSj{>^' 0 . 0 1 at% ^ri-e{iM^-'(@'i^ ^^^'(S:?^-^S:£K 
OSm'^§Jc#{-^^36^^t>tl'r\ ^/c2 Oat% ^jlS;i^5^}!lO'C(i^ ^taa^S^PJ. 

I y^t bT(i. mm^mo^m^^ i 5 0 v&itx^^ :i tib^mi^ bo^o 150 

Xi^m^Xh^^ m^iiF e P t '^^(D^mmt bT©«fe(III) T-fe^^'l^T-l? 
h h *5 ctLKS^ (II) T-^"^ Jl^T-^ hi-- h (D—=^i!}<m.7C^nx^m(D'^^ 
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1 9 

<tUT^ Au. Ag^ Ru. Rh> Pd. Os^ I i ^izitP t tl ^Tb^^if h^U 
^J^^P$:-tl:> C©^!^^N2 . Ar. H e ^©^^l^^^fX O^K^T-C 1 5 0 "C 

.«t^ L < li 2 7 0 v&.±ic^'vm^ir^-^i^ic^ ^^^Brnm^M t LX O N 

^^O^m^ :tyib<^ 15 0 "CisiT^^ L < (i 1 0 0 TlJi^TT'^i^'f O ^f^ ^) it - )V 

LTi^lrat-^J^^t*. 1 5 0 "C^TO^^-r^i^Ti? y J;oT-e^7n^n 

§ J: 9 ^cC^Mi^^p§i<Jl^'>^*^'*) So Au> Ag> Ru> Rh> Pd> Os. Ir^ 

5 7 + ^® c t-Ji s /j: s b i:* s o 
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2 0 

F e P t «l[T--C(*jl7C^n^-ri'^P t *<#?4T'^7C$nt:F e 

ChuIB^^ (d) : 5>ffc#iCo(,AT] 

^f4gO^J^'(fi>6< 3 0 n mJB^TT'feS^^tit^- (?) omt. m^Km^m-t ^ 

-^mmi^ (C) ^^-'^J-^LfciaT- (CP) U/c^^^^<£?^^-r : 

zcDmmm^w^m:^v<itM»ij'^m-t?>ztizj:fo. msi(i>n'j- (cp) ®s 
p) (Dmmm.mm^^iz^'i^-^^WMit (b) >i)^^^:»-offl (b^) {c*a^m-r^ 
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2 1 

(F e p t ti^) O^-^^^^^^Ctj&^r^-So 
:^:/fiki::mii^^^Umi^ (A) tW^ilS^* (B) (iHt »tc*B^]S(|-r 5 *> ©t? 

CA) <!: bT(iH? U 5t--;P:/D-fe::^{; J: ^ -C f c t^it^WOF 
e P t ti-? (P) ^-^m^^Lfz-m^O^Jt'^cDm-C^^ C (f:;6^T?^. CO 
SJC&^O^'^f'CF e P t ± ^ nj^(Dmi)^^^-r ^ o CCDMf&^O^ti 

G - D T AT'tfts^a^ti-riiJ L/cic:;s> 4 0 0 °c^-c#iS Ut t> 2 0 ^^g^oa 
?R|J ^ ^ n /-c o C O J: -5 /cC 1^ ^> ^ ^ tr ^ ?S (i ^ CD O Si <9 M 0 * B lai 

^mmi^ (B) tLxit7K(DmMmijf^ivmmmxif]i^^m.^7b^ 2 o cct^^t'* 

6Wa?^^'^*<&^^■r^O;6•<ctc^o c^ct-^^-wa^^* (B) tl^xit^^^y. 
iy i7 x^^^-^y^ O-^'y^ hJiJi-y^ ^i/uy^ n o ^fwi/A/j: i'^^^ij" 

c ti!)<mBx^ ^ R-^7Kcr>mmm7b<m^(Dxmw (b) >t»o:f^«^<&7jc-ciJte^-r 

W ^ ^ W ^ Yb^ # b ^ ^ M ?S 56^' 0 ii M ^ b n ^ o 

HJT^oj¥'?»-T'^t^bfc^^sot>®-e*t)^ CJ&^*^^^^L/fc3^4^ ccp) ^^^g-t^ 
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2 2 

Stt^J (C) (Ci;oTH(T^®rail^1*oT#md^*^^mL:^tfe-^® F e P t 

J; -^T^S^Tt. F e P.t iK[^(i*f ^ L < (iSt^fC 1 n mJ^±® ISH^^ttT^ 
mi^^lZ^^-t^o F e P t m^©^«!clK-4'©^JKl± 1.0X10 -Wol.%iJ(± 

b^,^o -eo^o^. i(ifi<j3fetfcT§L3*{c^ oTF e p t ^^a^o¥^%3|am^?:BlJ^•r § 

3 0 n mii(T. 0^ b < 1 0 n m£iT'C*)So 
h ;^ y >^^^J^O;^7 y y ^n^Y e P t ^ ^ - «t 

^lj-T:$3-tfeb/ct*t^^.-(?^OliS*^'@^^nA:F e P t f4^0^'^# i f ^ C i t> 

nso c<z>/i86. f c tm3ittc*agg^$-iirsMs^ife-r^t^<::t>*4^r^o«^.is 

y ;^--;l/^tCj:-:,T>^^$n/cF e P t f c c 

is^iE^t^iSffl b J; 9 <t-r s $ (/^{rti, T t ^^j^jL-com^a^M-r d <t 

fc ck -^-C f c t fllit^j^OF e P 1 4a^*&5^{-*i^S^-i±-S c t*^i£^^<tni:So 
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2 3 

li^i)^. ^l/Wi fee m^(D F e P t m^l»5|5<£-^it dtl^Huiao J: 9 fc^m 

f c t mm:^it(DW?'(Dm^i^^m:itir ^ :i tib<-v^ ^(Dmmmu. -^jjjc^ 
ntzF e p t iFi^^i^5^^**sn£ ^om'm±'c^n^-ii:fc^m'vnr> c Rjtg-e 
*)§o cntCck-^T. ^*s-h{- f c t ^it©#m^*^'BiT^®r^Pi<&*>{tTgBa$ 

C©m^S{±. Z^^^-^W L/C F e P t f±^©d*-^{r {i. ^©^MS 

eP tigt^t&T^of c t ^^oiiJ'^d^MSt^^i'^. :^i,^{if c cmitcrtm-kicit^ 

F e P t tfc^t&^^^mfA-r C i:*^Tr^^o d O F e P t f4-?-«&5^{i, C J: -5 

mmm i r 

•f h P =i-J]^ m.^. : 3 2 7 'C) 2 0 0 m Lie, i^(III) T-fe^ 

;l/T-{? h:}--h=l. 3 7m mol/L (II) T-fe^yl'T-fe h ^ - h ^ 1 . 

2 1m mol/L^iJP ®^(III) T-i^f-VUT-fe h:^- h <t (ID T-fe^yUT 

L/m i nO?55a»l??)CiA<?>-^i:>6<^. 1 6 0 r p mCD HUKSiS^-t^m*^ Lo 

oJd^l. 3 0 0 "co^a^-e 5 Btp^cD^iijig^^ToT. Jx:/^;^*^T Lj^o 

^:;»v:^JEJ; *9*>3100Pa yilj-«i.^£E;0{cS£&®*>(/^:fe*— ^(C^iit b/Co 
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2 4 

^ y-;n 0 0 inL^^*nUTj©W?fi?gfe^*ltc^«u. c©jSW&i5fe^^-r 

mm (TEM) . xmiDJiT (XRD) . m.f&mfT^ ^v^WL^mm cvsm) tr#t 
^(D^w^. Mi^m^m'^m (tem) /&^^>m^alJ^n/cl^)^m^o¥^^Kts^i8. 

A nmX^-otZo Xmmmcof^^. Mi^^^M (001) t (110) fw*^^&-r 
9 . 6 nmT'*o/Co ffiSK^+if /^^J:bt?F e:Pt = 52:48 "C*» 

3&^. El 1 trmt>*l5 J: 9 tc. ^mtlB. c = 2 4 8 5 Oe , mmmitAa s = 5 2 
emu/g , nMit= 0. 620.SFD=0. 860 T?* o /Co * F e 

C*ife«»J 2 D 

n.^m'^m (TEM) i)^ ihrnWi^tlfc 1 mil^(^^^'^^^it S . 2 n m-C^ fzo 
xmMlffr-Citmi^^RM (0 0 1) t (110) {c^^S•r^li]^^rb•-^^*^^iat^. 
la>C^IE:^B^BO#^E*^5SM$n/Co xmi^^n^ (Dx) its. 4 nm-db-ofCo 
mi^^m-Citrnj-it-VF e : P t = 5 2 : 4 ST'feo^o ?^^iPJJ^©*Sm> 4*^^ 
;^jHc = 2336 0e, lafpm^kA a s = 5 4 emu/g . 0 . 6 2 0 . S 

F D = 0 . 8 8 0 -C*)o/co F eJ^^©^ «> T -^a-^iftlJ^i- ck ^ f c 
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2 5 

t ^itOiiJ-^Ji 5 6 o /Co 

mmm 3 d 

x,^.tii]jift:'{ij@*&d^siir (0 0 1) t (110) izMit^-r^misf^-c^ibmti. 

m'\J^JE:l^^m(D^^ibmm^tltZo xmi^^m^m (Dx) its. 2 nm-C^-^tZo 
m.)^^^H-V{tmT-i:h'V'F e : P t = 5 2 : 4 8 Vib-^fZo m^MmcD^^^ i^m 
:^jHc = 1 340 Oe, iU^m^tM. a s = 4 7 emu/g ^ ^?^Jt= 0 . 4 9 0 ^8 
F D = 1 . 0 8 -Vh-ofZo t.fz^ F eUd^CD^ X^^' "i? T -:^^illJ^fC J: § f c t 
^itOiiJ^ti 3 2 -p A:o 

i^ttm 13 

m^SS^i^ (TEM) t.®?IIJ$tiy= 1 6 . 8nm"r*o/c„ 

X^Mp^HmS (Dx) {i:2. 5 nmT^oi^wo m.Jf^^-^fx'T:\tm^it'V ¥ e : P t 
= 5 2:4 8 "C^-p/Co ^^^fflU^®^*. UWiti}! c = 2 Oe , iafn^SI>fbS a s 
= 14. 9 emu/g , ^?^Jt= 0 . 0 0 3 ^ife F e 0^^® ^ X/< 'i' T 
ffllJ^JC J;^ f c t ^m.(Dm^\t 0 %"e$.o7to 

CJt^^J 2 ) 

7^h^ji^lyvry=i-;l<' (^.i- :32 7 t;)100inL{C. ife(III) T-fef- 
;l/T-fe h:^--h=2. 539m mol/'L tfi^ (II) T-fe^^l^T-fe h:?-- 1 . 
2 6 9 m mol/L-m-m b> i^dH) T-fe^^l^T-ir h h <t 6^ (II) T^=^}V 

/c^^ici^ bT;t'i' ;i//<x{c$fe-ti-. t LT^f^^x^ 4 0 0 

mL/m i n e» s ^^^S^ 1 6 0 r p mOlD^^^Tm^ U 

ooAn^iL. 3 0 0 °C©-/a^-t:- 3 B#F^^CD^?^<&tToT> S^^IITL-fCo 
^t/^. #^^^t±i O'C/min ctL/co offi:*fl»(i^M-a-r\ :;^MJE<t 
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2 6 

fzo x*^llIJiT-e(±. (0 0 1) t (110) ir:^JS-r^Ill*iTb*'-^*< 

mti. m'iJ'JE:fo^^cD^^i)<mm■^i^fco xm-^^u^tm. (dx) (±3. inm-c^ 

oTto TEM-E DX{CJ;5m4£:9-t/f-C{i. F e t P t ©m^Jt li. H^JtT? F 
e : P t = 5 5 : 4 5 -efeofCo m^m^-Vi-i. Umijn c = 3 7 0 Oe , t&^D 
mitAa s = A 0 emu/g , 0 . 2 5.SFD=1. 1 0 o ^ /c. 

F em^or>/ 7.^<^T-'$^^m^\^Ji^ i c t mikom^it 3 S %T*>o^o 

cm 3 ~ia 6 ] {woo>T 

® F e P t m^^*&^•i•W«l^iCO^,^T. X^ftfta^H^^ (Dx) <tm^#1^®M 
i^^^gUT^b/Co t.©l§m*-bs F e P t if4^i|&5^®r^M#'l*(±X 
(Dx) tmmf>i^m^m-t6C tib<ioi)^:ho BI3;{)^e>(i. X 

m^^m^^ (D x) *M . 0 nm J: «9;*C# < t£?>t^ -etlfwOnx^SlCtr*^^ < 
/j: ^ C t /6^*t>3&^ S o S 4 >6^ e. t> X,^t*t (Dx)*M. 0 n m X ^ ■:f^^ < tH 

^ t.' ^nK-on-nmurmtm (as) < ^^j:^ c i*<t?*^^o llI5*^^.{ix 

^*&B%l!itS (D X ) i S F D ICol,^TO*SM{±'ii--r b t>0J?rgT'(±^C(<-»;d^. 6 n m 
£(_L®X^Mb%&S (Dx) ^=g-r 5 C ttCck oTx 'f*?SS;tJi9-* (SFD) 1 

:$:||BJO^ife^J 1 ~ 3 T'#t>nA:F e P t ^^^^5^1* - ©ISffli^T'*) S 
0tCpl!«fUN J:bi|S^^?!l 1 ^ 2 CD t>0'T?ld:C:0|gH*> t)^i'tLTI/>So 0 3 t) X^ft^ga^ 
fiM(Dx)7&^5. 5 n miii-ht:i*lJ;t;H c t± 1 0 0 0 Oe JitJttJ^i: «3 . 6 . 0 
J!i(±-r{i^^ LT 1 0 0 0 Oe Jik±ttJi^Z ti)^t>^^^o 

mmi^. mnfimmumthxi-i.^ ^mmitm.o oemu/g &l±-v^^c 
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2 7 

X^^ts^H^^ (Dx) 7&^3. 0jim&.±t^^nm^tm:aslt2 0 emu/g &i±tt£ 
iO. 4. 0 £(±T'li^^bT 3 0 emu/g C (^:7!>^'^*^^o 

S F DfCotMirit^lBaifflfrfi. 1. 1 0 KITT:'^:^ Z ti)<tti^mX'^6i)K :^ 

mmcDmMmx^ihntc f e p t ifii^^^u z (Dmrn^^-c ^ ^ (d izM u> iti^m 

x) *>*5. 0 n mJK±.T?S F D(± 1 . 1 0 Jli^T <t § C <t *^t>*^ ^5 o 

H! 6 {i. 1 tw\ \^mmmm(D h txmmic ltf e p t ^t^n^ 

^m'-^m=^mikLfc^^ic^ F e i p t ottiA^jt cmmm i -ct* 5 o : 5 o 

at.%) ^;^.T#t,n/;: F e P t i&^m^-^^^iZ-^l^-^X ^ RJt^^(D^^mmi!)< 

^nibCOXmW^^^m (Dx) ^©ck 9 {C:^#-rS3{>>^l^-<3^^^^yo h 

(Dx) ib^X^ <f^^ Z t7b^iDi)^^o t.tz^ F e ttai^ftj^MSO^iS i\ 
xii*$B^H*4@ (Dx) < /d:^>ISioj{c*-5o tt32.«?»-J:b3&^l^^tr*-5:^'^{c{i 

#?a^S^/&^fttM3<?:X*^*^B^H44^ (Dx) [t:k^<f£fO. Xm^^mU^ (Dx) 

•7^ h^-i^PV^^U =i-JV (g^.^ : 3 2 7 t3) 2 0 0 mL tC> ife(III) T-fe^ 
;bT-fe 3 7m mol/LthS^ (II ) T-fef-^l/T-fe h ^ - h <£■ 1 . 

2 1m mol/L <&5^JD it (III) T-fe5^;l/T-fe h^h-htS^dl) T-fef->'l/ 

UT. H2PtCl6-6H2O^0. 0005m raol Cm^^Um^MX-^mUa^ 
m=l at.o^izm^) miiULfZo ZComm^M^^(D'D\,^tz^nK^\^X:t^ JI^ 
^<7.izm^. ^:^l^fC^^14:^X <t LTS^^X^ 4 0 0 mL/m i nOmMX 
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2 8 

^BEck *) ^> 3 1 7 0 P a yr'ij-li5(,AE:tr{c|t1tL/Co 

fco xitm^-^iii c tmitKm^-r^mth^RM coon t ci i o) izM 

T EM-E D SrIIJ^C*3l.^T> PJj^mif I^JC#fi-r ^ 1 0 0 0 m^±CDU^iZ 
Ol^T?a'J^ L'y:r^^|0.i*(i.{i^.tb'^^ e : P t = 5 2 : 4 8 1?^-p/Co •ttSit>t>^ 
Xnr=5 2. 0 at.%T'^-^^o i^fc^ -€-©-9 ^»tt^{w:S^^• 1 0 OliOifiT-iC 

0.90Xa»^ X 1. X2. • • • Xioo ^l.lOXa, .••(!) 
®t^j!H)^T?{i> ^m:h=' 1 9 1 5 Oe , ^mWi^tAaS = 5 4 emu/g , S Q = 
0. 60^ SFD=0. Ql-X^h-ofZo 

iitmm 3 ] 

dioctylether) 1.2 ^^i^- 7=^ :^ > ;t — (1,2 hexadecanediol ) ^1. 5 
mraol P t (acac)2 ^0. 5 mmol ^inU. 5 b e. 

N2;^/X/<7*U >^^^To/:o o^,^T 10 0 "CJCiDl^bT 3 0 ^i^Wl^fc^^. :t 
>M 0 . 5 mmol )VT 5 > 0 . 5 mmol $t>twFe (C 

0)5^1 mmol -^inb/Co ^<.^-t:-2 9 7 °C^T'#^bT3 0 :55^f^®il^^^f l/K 

b> a^^y-;i/4 0 mL^in b/cox.^vll^:^M^^T^/^^ # 

^0^^=. T EMm^i- J:§«£@{i 3 . 7nmT^«9. Xfamiff^^t^T'ti f 
c t SittcSJfc-r-S^^&^^SIt (0 0 1) t (110) (::*fjrv-r5laIJfre-i^(i 
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2 9 

*/c. mt^m^ tmmoT EM— ED sm^icish^T. iPjj^tiif i*hc#^e-^<5 

1 0 0 0 -fiisi-hO^i^lCOtvT/BIJ^ b/c^i^mfi!c{i/)i^J:b'eF e : P t = 5 0. 
5:49. 5-e*>-5y=o -r^jr^b-fe. X..= 5 0. 5 at.?^-e^o/co ^/c. -ecD 

^^^:t>= 2 Oe , ^mWl<tS.GS = 0 . 0 2 emu/g "t?^ fCo 

m (TEM) Tb-^^miM-^ntz imt^<D^^i^Umi,i S . 4nm-C*>'5> X^$.m^m 
(D x) (i 5 . 3 n m-r* o /Co X HI Jlr X' (i f c t ^itfC 

Sit (0 0 1) «t (110) KMm-r^miarif-^itc: <m.ib^Kmm]^ti^mm 

f c t ^^tcDj^^fiJ^li 1 QHX'^-o fzo 

T EM— E D S?aiJ^(w:fel,^T-. ?RIJ^^aig"-|*I{C#^E-r'5 1 0 0 0 m&.±(Dn^ic 
•oi%T?l!l^U/c^:^5iia^(iig^Jt;TrF e : P t = 5 1 . 8:48. 2X*>ofCo 
•r''5:t3-&> Xa»=5 1. 8 at.%t?*o/Co ^/c^ ^CD ^ 1 0 0 

M^tM a s = 3 9 erau/g ^SQ=0. 17sSFD=l. 09"e4)o;fco 

mEOJtiK^^iJ 2 (^#?P:S:#2^#%{CU/c^J) T'#^n/cF e P t&^^&p^ 
'^W#^{-o(,%T. glM^l^iJ 4 illl#0T EM— E D S^RIJ^{C*5(/^T. ?|IJ^ISI^I*I 
1 0 0 0 m&.±(On^K-:>ii-^xm^Lfz^i^m.!$.lt. M^itXF e : 
Pt = 55. 1:44. 9 X^ o fZo -Ttif^-h^ X..= 5 5. 1 at.%X^ o /Co 
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3 0 



Cia 7 ~ll 1 0 }Cot,»T] 

XI 7/<y5^^iSO> »e.nfc#F e P t it4^J|&5^'^W*I^K®#*l4^> 
|g^lj©^^CDW^*5ck?>*»*tOP#-eMSL-C. 1117-111 0{C|&^bT^ 

5 D 

f^h^jc^U>:rU=j-;H 0 0ml JCgl^dll) T-fe^-'l'T-fe h 
(II)TH2-f--'l^T-fe h:^ — h ^^W^tl 0-1 3 mm o 1 "^jlia b/Co C 

4 0 0 ml /m i n O^M^X^^h^-f^t^ ^ 1 6 0 r p m"rm#L/,^l^ ^ i 
#^{;:. 3 2 0 "CtfjljSlg^^f 3 . 5 ^P^Si:&^tTt>-a-fco c:tiiwJ:«9Fe 

p t o>'0i^=i-mjK^ \^izmmWi^%izo f e p t ^^^fm^(i^^/^{r^*b^^®^r 

^-oizo CCDil^^ii. 7^ h ^-^l- (TEG) 

^^--f* (A) tftw. FePt:hym^ (P) O^^^'SlI/^ tC^M b-^ o T (^S^bt 

S-e) by=4fe^icfe;So C0M®?K^ (A + P) WLt^-to 

'^^^fzmMWLO^ (A + P) ^WS-^^JtbT (W^^«:C<!:bT) 

<fc/i 5»T"^DP b. 8 0 "CT- 1 ^P^^f*^^?^j:-p/cCD-&. igIlliC5Hz^ JgffiFSg 
^2 cm^t^l 0 ^PaoJgt 9^=ff^j:o/Co CtliCJ;*) (A+P + C) 
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3 1 

izmm^^. cntCetf) (b + o com^mtio 

mUO (A + P + C) (D^ 3 5ml iflUlBO (B + C) (D^ 35ml t^—z> 

u/c B*g©^fciiF e p t mtL^t^^ < mm UTi/^-so^^niray ^nso 

C® B*i®jt 3 5ml ^MtK 35ml «t o©^^(C An> mWlWi 5 
H z> mmmW.2 c m-Vl O ^^1li<!:-9*tT^£o:feo # G. nife^^^^fi tf^V^ 

2 *e{C:9-|i$-tir. W*at B' +B^:9-SIJ U/Co B' {C (i F e P t t«S[*4^^*<M 

® b T i» § ® m «ij ^ n -5 o 
#t.ti/cB' n^m.^n'^mwim (tem) -cm.mw^fco mmK^tz-o-cuB' 

m.\-t 5 . 2 n m> ^^p-tiM*-^ 1 . 0 n m> ^-i^^^T^PSJi 3 • 3 n mT* o tZo 

^ /c5gfcm0aM¥^^it« 5 . 1 n m. 1 • 2 T?* o fco 

0 1 1 ® T EM^^{C^ U/;:o HI 1 6, ti§ =k o {C. i§-*&^^(*±iB© 

^ b T t,^ S d <h S o 

CI® B' n<on.^^&\t 7.85X10 -*w t dOFePt^yfi 

L/c*^*oT. ^niii^i>®'Hfc®^M#l± 0 . 5 wt%iiiTt:-^^o ^ /cS&fiU3fctfcSL}& 

C®t>®^EDXj:;5 M^r^'f/f b/ctC^. Fe : Pt = 59 : 41®FeP 

^^ricj; t)^J!6;^Lio^fllJ*i®tiJ'^{i 5 2 vol.%T'*o/2o bT> SQUID 
S7b<5 1 Am' /k g-V^lQ^ D S C ^BU^JC J: ^ J^b^^^^^^ MJ^^S T t {± 3 
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0 0 "tlT^ o tzo 
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iy^a^^-^ymi^munvfc^'mmnM cw^i^^^o -t-^t (a + p + 
mnm 5 ca + p + 2 o ommm^ni^iytio c© (a + 

P + 2 C) 3 5 m 1 <t "Vi^ D^^-b- > (WSII«'(*B) 3 5ml .t^— o®^ 

fifcAn. igmm 3 H z . isiKiggM 1 0 c m-e 1 0 mmmto ^nui^^. 

8 0 t!-CmKOM*^^#-^b^«5:*^^^i^i^Mi^M^J 5 (tl^^iwbT (A+P 
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